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nique (VALLME) was proposed for preconcentration of trace levels of cadmium. According to this
method, the extraction solvent was dispersed into the aqueous samples by the assistance of vortex
agitator. Cadmium preconcentration was mediated by chelation with the 8-hydroxyquinoline
(oxine) reagent and an IL, 1-octyl-3-methylimidazolium hexaﬂuorophosphate ([Omim][PF6]) was
chosen as the extraction solvent to extract the hydrophobic complex. Several variables such as sam-
ple pH, concentration of oxine, volume of [Omim][PF6] and extraction time were investigated in
details and optimum conditions were selected. Under the optimum conditions, the limit of detection
(LOD) was 2.9 lg L1 for Cd () and relative standard deviation (RSD%) for ﬁve replicate determi-
nations of 125 lg L1 was 4.1%. The method was successfully applied to the determination of cad-
mium in tap water, apple and rice samples.
ª 2012 Cairo University. Production and hosting by Elsevier B.V. All rights reserved.11 8795162; fax: +98 511
m (M. Eftekhari).
Production and hosting by
o University.
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Environmental pollution nature of heavy metals has recently
received considerable attention. Cadmium is one of the heavy
metals which is critical for the human health [1,2]. It enters the
organism primarily via the alimentary and/or respiratory tract
[3] and, due to its low excretion rate (biological half-life of 10–
30 years), is accumulated in the body [4]. Jarup and coworkers
found that bone density dropped as Cd levels rose. These bone
density and fracture phenomena support the hypothesis of a
negative relationship between Cd body burden and in vivo
36 M. Chamsaz et al.Ca levels [5]. Also, cadmium may lead to renal toxicity, pancre-
atic cancer, or enhanced tumor growth. Schwartz and Reis ex-
plained the Cd’s role in the development of pancreatic cancer
[1,2].
Cadmium is widely used in industry, especially in electro-
plating, pigments for paints, enamel, glass, plastics, printing
inks, rubber and lacquers, alloys and in the production of
Ni–Cd batteries [6,7]. Food and cigarette smoke are the main
sources of cadmium population. There are indications that the
occurrence of this metal in food stuffs has increased as a result
of contamination of the environment. The FAO/WHO Joint
Expert Committee on Food Additives recommended provi-
sional maximum tolerable daily intake of cadmium from all
sources (food, air, and water) in the range of 1.0–1.2 lg kg1
mass of body [8].
Therefore determination of trace amounts of cadmium in
environmental samples is of great importance. Different ana-
lytical techniques have been performed to determine cadmium
in various samples including ﬂame atomic absorption spec-
trometry (FAAS) [9–11], graphite furnace atomic absorption
spectrometry (GFAAS) [12,13], inductively coupled plasma
emission spectrometry (ICP-OES) [14,15], inductively coupled
plasma mass spectrometry (ICP-MS) [16].
Flame atomic absorption spectrometry (FAAS) has been
widely used for determination of trace quantities of cadmium
because of the low costs, operational facility and high sample
throughput. However, conventional FAAS has a detection
limit, which is not low enough to determine cadmium at trace
levels. In order to achieve accurate, sensitive and reliable re-
sults at trace levels; preconcentration and separation steps
are needed prior to analyte determination by FAAS.
Several procedures such as liquid–liquid microextraction
(LLME) [17], solid phase extraction [18], coprecipitation [19],
and cloud point extraction [20–22] have been developed for
separation and preconcentration of cadmium from different
matrices. However, these methods often require large amounts
of organic solvents, some of which are harmful and contami-
nate the environment due to their high vapor pressure.
Room temperature ionic liquid (RTIL) is a kind of bur-
geoning green solvent. RTILs are liquid over a wide tempera-
ture range including room temperature and exist as a
combination of organic cations with various anions. Recently
RTILs with unique properties such as negligible vapor pres-
sure, water stability, favorable viscosity and density character-
istics, good thermal stability, non-volatility and good selective
solubility have been used as alternative solvents separation
purposes [23]. Several extraction methods have been reported
based on ionic liquids, such as ionic liquid-based headspace li-
quid phase microextraction [24], ionic liquid-based single-drop
microextraction [25,26], ionic liquid-based headspace single-
drop microextraction [27], cold induced aggregation microex-
traction [28] and temperature-controlled ionic liquid dispersive
liquid phase [29]. Compared to conventional organic solvents,
in both direct-immersion and headspace LPME, a larger vol-
ume drop of ionic liquids can be suspended and it survives
for a longer extraction time in the tip of a microsyringe. There-
fore, higher enrichment factor can be reached.
Recently a novel modality of liquid-phase microextraction
(LPME) technique based on a ternary component solvent
system as an alternative high-performance and powerfulpreconcentration method termed dispersive liquid–liquid
microextraction (DLLME) has been introduced, which is sim-
ple, very fast and inexpensive [30]. But the amount of disperser
solvent used is relatively high, so it is possible that the partition
coefﬁcient of the analytes into the extractant phase decreases.
So, several methods have been introduced to eliminate the dis-
perser solvents [29,31,32].
In this work, we used vortex assisted ionic liquid based – li-
quid liquid microextraction (IL – based VALLME) method
coupled to ﬂame atomic absorption spectrometry (FAAS)
for preconcentration and determination of trace levels of cad-
mium. Cadmium preconcentration was mediated by chelation
with the 8-hydroxyquinoline (oxine) reagent, followed by
extraction with the 1-octyl-3-methylimidazolium hexaﬂuoro-
phosphate ([Omim][PF6]) as RTIL. With shaking the solution
with vortex agitator at 2800 rpm (maximum setting), a vigor-
ous vortex stream is formed in the whole of centrifuge tube
which cause very ﬁne droplets of ionic liquid is produced. It
is revealed that after formation of ﬁne droplets, the surface
area between extraction solvent and aqueous phase (sample)
is large. Therefore, The cadmium – oxine complex is extracted
into extractant phase ([Omim][PF6]) at short time.
Experimental
Instrumentation
A Shimadzu AA-670 (Shimadzu, Japan) ﬂame atomic absorp-
tion spectrometer equipped with a 100 mm burner head, deu-
terium background correction and an air–acetylene ﬂame
was utilized. A cadmium hollow-cathode lamp (Hamamatsu
Photonics, Shizuoka, Japan) at a wavelength of 228.8 nm
was used as a radiation source, operated at 4 mA with a mono-
chromator spectral bandpass of 0.3 nm.
The pH values were measured with a pH-meter (Metrohm
632, Switzerland) supplied with a glass-combined electrode.
A vortex Gilson mixer (Villiers Le Bel, France) was used for
thorough mixing of solutions. Phase separation was assisted
using Centurion Scientiﬁc Centrifuge (Model Andreas Hettich
D72, Tuttlingen, Germany).
Reagents
All reagents were of analytical reagent grade and deionized
water was used throughout. A stock solution of 1000 mg L1
cadmium (II) ion was prepared by dissolving the appropriate
amounts of cadmium chloride (Merck, Darmstadt, Germany)
in 1% HNO3. Working standard solutions were prepared
freshly at various concentrations by diluting the stock standard
solution with deionized water. Suprapur HNO3 (65%),
H2SO4 (98%) and H2O2 (30%) were used for sample digestion.
The chelating agent, 8-hydroxyquinoline (oxine), was pur-
chased fromMerck. A solution of 102 mol L1 oxine was pre-
pared by dissolving appropriate amounts of this reagent in
0.1 mol L1 acetic acid and diluting to 50 mL with deionized
water. 1-Octyl-3-methyl imidazolium hexaﬂuorophosphate
([Omim][PF6]) was employed as the extractant solvent diluted
in ethanol after synthesis. The pH adjustment was made with
a 0.1 mol L1 hydrochloric acid (for acidic pH values) or so-
dium hydroxide solution (for basic pH values).
Fig. 1 Effect of pH on the recovery of cadmium. Conditions:
100 lg L1 Cd2+, 2.7 · 104 mol L1 of oxine, 70 lL
([Omim][PF6]), extraction time 6 min.
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– Water sample including tap water was collected from local
sources. Seven milliliter of sample solution was used for the
analysis after addition of 8-hydroxyquinoline (oxine) and
adjusting their pH to 11, with NaOH solution.
– Fifty gram of powdered Pakistan rice sample was pur-
chased from a local supermarket in Mashhad, Iran. Dis-
solved in 150 mL concentrated HNO3 and heated on a
hot plate at a low temperature. Then, 50 mL of concen-
trated HCl was added to the mixture and heated to near
dryness. Under the heating conditions, concentrated hydro-
gen peroxide was added and heated for another hour to
complete the digestion. The solution was diluted to
100 mL with deionized water. Seven milliliter of this solu-
tion was analyzed according to the analytical procedure.
– Ten gram red apple sample (Neyshabur, Iran) and 40 mL of
concentrated HNO3 was heated on a hot plate at a fairly
low temperature in the glass beaker to dryness. After that,
25 mL of concentrated HCl was added and the heating
was repeated to near dryness. Under the heating conditions,
concentrated hydrogen peroxide was added and heated to
complete the digestion. After cooling down the resulting
solution to room temperature and dilution to 50 mL with
deionized water, 7 mL of this solution was analyzed accord-
ing to analytical procedure.
– A 0.1 g of ERM-ER325, certiﬁed reference material was
dissolved in 20 mL of 3 mol L1 HNO3. The solution
heated to near dryness and diluted to 100 mL with deion-
ized water. The cadmium content was determined according
to analytical procedure.
Synthesis of IL
To a solution of 20.6 g of [Omim][Cl] dissolved in 40 mL dis-
tilled water, was added 18.2 g of KPF6 dissolved in 25 mL dis-
tilled water and the mixture was stirred for about 5.5 h at room
temperature. A two phase mixture was formed. After leaving
the mixture for 30 min, the aqueous phase was separated from
the organic phase. The aqueous phase was then washed two
times with dichloromethane, each time with 50 mL. The com-
bined organic phase was then added to the IL phase. The or-
ganic phase was washed three times with distilled water, each
time with 50 mL and was dried over magnesium sulfate. The
suspension was ﬁltered and its solvent was evaporated. The ﬁ-
nal product was dried completely at 70 C under vacuum to
give 27 g of product with 90% yield. [Omim][PF6]
1H NMR
(300 MHz; CDCl3): d (ppm): 0.88(3H, t), 1.28 (10H, m),
1.87(2H, t), 3.91(3H, s), 4.14(2H, t), 7.32(1H, s), 7.34 (1H, s),
8.46(1H, s) [33].
Microextraction procedure
Twenty-ﬁve milliliter of aqueous sample solution containing
100 lg L1 Cd2+ and 1.35 · 104 mol L1 of oxine, at pH
11, was prepared. 7 ml of this solution was transferred into a
conical-bottom glass centrifuge tube and 60 lL of [Omim][PF6]
ionic liquid (diluted in ethanol) was added to the mixture. The
resulting solution was vigorously shaken with vortex agitator
for 6 min at 2800 rpm. With shaking the solution very ﬁnedroplets of ionic liquid is formed through the solution and
the cadmium – oxine complex, was extracted into the ﬁne
droplets of [Omim][PF6] at short time. In order to accelerate
phase separation, the solution was centrifuged for 5 min at
4000 rpm.
After this step, The IL-phase settled at the bottom of the
tube. The aqueous phase was discarded with syringe and the
IL phase was diluted to 500 lL using ethanol and was aspi-
rated to ﬂame atomic absorption spectrometry (FAAS) for
determination of cadmium.
Results and discussion
There are different factors that affect the extraction process
such as pH, concentration of chelating agent, amounts of IL,
extraction time and interfering ions. It is very important to
optimize these parameters in order to obtain high recovery
and enrichment factor.
Effect of pH
pH Plays a unique role on metal–chelate formation and subse-
quent extraction. In order to evaluate the effect of pH on the
extraction efﬁciency of Cd2+, the pH values of sample solu-
tions was studied in the range of 5–13 and the results are
shown in Fig. 1. According to the results, the absorbance
was nearly constant in the pH range of 10–13 for cadmium
and hence, pH 11 was chosen as the optimum value.
Effect of oxine concentration
The extraction efﬁciency depends on the hydrophobicity of the
ligand that inﬂuence the hydrophobicity of the complex, the
kinetics of the chelate formation, the apparent equilibrium
constants in the ionic liquid medium, and the partition coefﬁ-
cients. In this work, 8-hydroxyquinoline (oxine) was used as
the chelating agent due to the highly hydrophobic nature of
its metal chelates. Concentration of chelating agent is a critical
variable and, it is highly important to establish the minimal re-
agent concentration that leads to total complex formation
while achieving the highest extraction.
The effect of concentration of oxine was investigated in the
range of 9 · 106–3.6 · 104 mol L1. The results are given in
Fig. 2 Effect of oxine concentration on the recovery factor.
Conditions: pH:11, 100 lg L1 Cd2+, 70 lL ([Omim][PF6]),
extraction time 6 min.
Fig. 4 Effect of extraction time on the recovery factor. Condi-
tions: pH:11, 100 lg L1 Cd2+, 1.35 · 104 mol L1 of oxine,
60 lL ([Omim][PF6]).
Table 1 Effect of diverse ions on the determination of
38 M. Chamsaz et al.Fig. 2, and show that the absorbance increased by increasing
the oxine concentration up to 1.35 · 104 mol L1 and then re-
mained constant afterwards. A concentration of 1.35 · 104
mol L1 of oxine was chosen for subsequent determinations.
Effect of amounts of [Omim][PF6]
The amount of [Omim][PF6] used in preconcentration proce-
dure is a critical factor for obtaining high recovery. Therefore,
the extraction system was carefully studied in order to deﬁne
the lowest IL-phase volume necessary for achieving the highest
recovery. The volume of [Omim][PF6] was studied in the range
of 20–80 lL. As can be seen in Fig. 3, by increasing the volume
of [Omim][PF6], the absorbance increased up to 70 lL and
then decreased by increasing the acceptor phase volume. By
increasing the volume of acceptor phase (IL), the viscosity of
settled phase increases and hence, the nebulization process is
not effective and therefore the absorbance decreases. Thus,
60 lL of ([Omim][PF6]) was employed as the optimum value.
Effect of the extraction time
Optimal extraction time is necessary in order to achieve
equilibrium. This is the minimum time necessary to achieve
equilibrium between the aqueous and the extractant phase to
obtain high sensitivity. The inﬂuence of the extraction timeFig. 3 Effect of amounts of RTIL on the recovery factor.
Conditions: pH:11, 100 lg L1 Cd2+, 1.35 · 104 mol L1 of
oxine, extraction time 6 min.was evaluated in the range of 2–10 min at the constant exper-
imental conditions. The results in Fig. 4, show that the signal
intensity increased by increasing the extraction time up to
6 min and then remained constant up to 10 min. Therefore,
in order to achieve a high enrichment factor; the extraction
time of 6 min was chosen as the optimum value.
Effect of centrifuge conditions
The effect of centrifugation rate on the absorbance was studied
in the range of 1000–5000 rpm. It was found that over
4000 rpm, IL phase completely settled, so that the rate of
4000 rpm was selected as optimum point. At the optimum rate,
absorbance was studied as a function of centrifugation time.
Five minutes was selected as optimum centrifugation time, be-
cause complete separation occurred at this time.
Effect of ionic strength
In general, the addition of salt plays an important role in
conventional extraction process. Various experiments were100 lg L1 of cadmium.
Coexisting ions Molar ratio (ion/cadmium) Recovery (%)
Cl 3000 99
CO23 ; C2O
2
4 2000 97.5
PO34 ; NO

3 1800 98.4
SO24 ; CH3COO
 1000 97.5
Na+ 4000 101.8
K+ 3000 97.3
Co2+ 2000 98
Cr3+, Mn2+ 1800 96
Mg2+ 1500 96.5
Ca2+ 1500 97.2
Ba2+ 1000 96.7
Pb2+ 50 98.3
Fe2+ 20 96
Zn2+ 10 96
Cu2+ 10 96.8
Ni2+ 10 97
Table 3 Determination of cadmium in a certiﬁed reference
material. Results (mean ± standard deviation based on three
replicate analysis).
Sample Certiﬁed (lg g1) Found (lg g1) Recovery (%)
ERM-ER325 94.7 ± 2.5 92.1 ± 1.9 97.2
Table 2 Results (mean ± standard deviation based on three
replicate analysis) of determination of cadmium in real sample.
Sample Spiked (ng mL1) Found (ng mL1) Recovery (%)
Tap waterb 0 NDa –
30 31.7 ± 0.5 106
50 51.7 ± 0.7 103
Rice sample 0 15 ± 0.4 –
50 57 ± 0.9 88
70 79 ± 1.5 93
Apple sample 0 ND –
70 71.5 ± 1.3 102.4
a Not detected.
b Obtained from Mashhad.
Vortex-assisted ionic liquid microextraction for determination of cadmium 39performed by adding different amounts of KCl (0–1 mol L1),
while the other parameters were kept constant. The obtained
results showed that the salt addition had no signiﬁcant effect
on the extraction of the proposed method. Hence, all the
extraction experiments were performed without the addition
of salt.
Effect of coexisting ions
In order to demonstrate the selectivity of the developed mic-
roextraction system, the effect of other ions on cadmium deter-
mination was evaluated. The interferences were studied by
analyzing 7 mL solution containing 100 lg L1 Cd2+. An
ion was considered to interfere when its presence produced aTable 4 Comparison of VALLME with other methods for determi
Method LOD (lg L1)a RSD (%)b
Solid phase extraction 1.44 63
Solid phase extraction 5.50 2.3
Hollow ﬁber membrane 1.5 4
Liquid phase Microextraction
Ultrasound-assisted 0.91 1.62–2.56
emulsiﬁcation–microextraction
Ultrasound-Assisted 0.66 2.42–3.34
emulsiﬁcation solidiﬁed-microextraction
Dispersive liquid–liquid 1.16 1.8
Microextraction (DLLME)
VALLME 2.9 4.1
a Limit of detection.
b Relative standard deviation.
c Enhancement factor.variation of more than 5% in the absorbance of the sample.
The results are shown in Table 1. As it is shown, some of
the species tested, such as Cu2+, Zn2+, Fe3+ and Ni2+ did
interfere. The interfering effects of these ions can be eliminated
by using 0.02 mol L1 of SCN for Fe3+ ions and
0.01 mol L1 of ascorbic acid and 0.01 mol L1 of KI for
Ni2+ ions, the Zn2+ and Cu2+ interferences were eliminated
in the presence of 0.01 mol L1 ascorbic acid and 0.01 mol L1
1,10-phenanthroline.
Analytical ﬁgures of merit
Above 90% extraction was achieved for cadmium when the
procedure was performed under the optimal experimental con-
ditions. The calibration graph was linear between 10 and
250 lg L1 with a correlation coefﬁcient of 0.9960. The regres-
sion equation after the preconcentration procedure was
A ¼ 0:0035CðCd2þÞ  0:001, where A is absorbance and C(Cd)
is cadmium concentration in lg L1. Also the equation of
the calibration curve before the preconcentration procedure
was A ¼ 0:0001CðCd2þÞ þ 0:021 within a dynamic range from
100 to 2000 lg L1.
The detection limit based on three times of the standard
deviation of the blank signals (n= 8) was 2.9 lg L1. The
relative standard deviation (RSD) resulting from the analysis
of ﬁve replicate solution containing 125 lg L1 Cd2+ was
4.1%. Enrichment factor, calculated as the ratio between
the volume of the aqueous phase (7 mL) and the ﬁnal vol-
ume of the IL-phase (500 lL), was 14 times. The enhance-
ment factor deﬁned as the slope ratio of two calibration
curves for Cd2+ with and without preconcentration was
35. The sensitivity of proposed method for determination
of cadmium based on 0.0044/m (where m is the slope of cal-
ibration curve) was 1.54 lg L1.
Analysis of real samples
The proposed vortex assisted ionic liquid based liquid–liquid
microextraction technique (VALLME) was applied to deter-
mine cadmium in tap water, apple and rice samples. In order
to demonstrate the validity of this method, recovery experi-
ments were also carried out by spiking the samples withnation of cadmium.
EFc Calibration range (lg L1) Refs.
- 216–3000 [34]
- 5–150 [35]
107 5–30 [36]
13.4 10–600 [37]
15 10–450 [38]
48.1 4–200 [39]
35 10–250 This work
40 M. Chamsaz et al.different amounts of cadmium before any pretreatment.
Table 2, shows the obtained results. The values of recoveries
have conﬁrmed the validity of the proposed method. Addition-
ally, the accuracy of the proposed method was evaluated
by analyzing a certiﬁed reference material (CRM), ERM-
ER325, with certiﬁed Cd2+ content of 94.7 ± 2.5 lg g1. It
was found that the analytical results were in good agreement
with the certiﬁed values (Table 3).
Comparison of the proposed procedure with other methods
A comparison of the proposed method with others reported in
preconcentration method for cadmium determination is shown
in Table 4. The VALLME method has numerous advantages
including rapidness, simplicity, low cost, low toxicity, and rel-
atively high enrichment factor. Although the results obtained
in this research were primarily focused on Cd determination,
the system may be readily applied for the determination of
other metals with the help of various chelating agents and or-
ganic solvents.
Conclusion
The proposed vortex assisted ionic liquid based – liquid–liquid
microextraction (VALLME) procedure using [Omim][PF6] as
extractant solvent combined with FAAS was successfully used
for preconcentration and determination of cadmium at trace
levels. The proposed method employs a vortex shaker system
for formation of vortex stream that accelerate the cadmium
complex extraction to extractant IL. This procedure is simple,
fast, and the sensitivity of the method could be enhanced by
using GF-AAS as the detection step.Acknowledgment
The authors wish to thank the Ferdowsi University of Mash-
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